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WHAT IS CLAIMED IS: 

1 . A non-aqueous electrolytic solution comprising an 
organic solvent and a lithivim salt., which further contains 
a pyridine Compound represented by the following formula 
(1) : 



(1) 



wherein R 1 to R 5 each independently represents a hydrogen 
atom or a substituent composed of an alkyl group having 1 
to 20 carbon atoms, an alkenyl group having 2 to 20 carbon 
atoms, an alkoaqA group having 1 to 4 carbon atoms, an 
aryloxy group having 6 to 10 carbon atoms, a dialkylamino 
group having 2 to\ 8 carbon atoms, a 3-thienyl group, a 
cyano group, a f^uoro group, an alkoxycarbonyl group 
having 1 to 6 carbon\ atoms , an arylcarbonyl group having 6 
to 10 carbon atoms, an alkylcarbonyl group having 1 to 12 
carbon atoms , a cyanoalkyl group having 1 to 4 carbon 
atoms , an alkoxycarbonylalkyl group having 3 to 13 carbon 
atoms, a pyrrol -1-ylmetkyl group, a 1-pyrrolidinyl group, 
a 1 -piperidino group, ^ phenyl group, a lH-pyrrol-l-yl 
group, an alkoxyalkyl groiip having 2 to 12 carbon atoms, a 
dialkylaminoalkyl group having 3 to 18 carbon atoms, an 
aryloxy group having 6 to a. 0 carbon atoms , an arylalkyl 
group the aryl moiety of whAch has 6 to 10 carbon atoms 
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and the alkyl moiety of which has 2 to 6 carbon atoms, an 
isothiocyano group, a dlalkylaminocarbonyl group having 2 
to S carbon atoms*. ~> 5-oxazole group, a trif luoromethyl 
group, a 1 -pyrrolidine- 2 , 5-dione group, a lH-pyrrol-1- 
ylalkyl group having 1 to 6 carbon atoms, a 4,5-dihydro- 
oxazol-2-yl group , a\ 1 , 3 , 4-oxadiazol-2-yl group , a nitro 
group, a 1 -piper idinyil group, a l-alkylpyrrol-2-yl group 
having 1 to 6 carbon atoms, a 4-1 , 2 , 3-thiadiazole group, a 
2-1,3, 4-oxadiazole group , a morpholino group and a 1- 
pyrrolin-2-yl group, with the proviso that, at least one 
of R 1 to R 5 represents \aforesaid substituent and that, 
when R 1 to R 5 are a hydrogen atom or an alkyl group , at 
least one of R 1 to R 5 is an alkyl group having 2 or more 
carbon atoms and sum of the carbon atoms of R 1 to R 5 is 3 
or more and that, when R 1 to R 5 each independently 
represents a phenyl group , \ two or more of R 1 to R 5 
represent phenyl groups . \ 

2 . The non-aqueous electrolytic solution as claimed in 
claim 1, wherein R 1 to R 5 \in the formula (1) each 
independently represents a hydxnpgen atom or a substituent 
composed of an alkyl group having 1 to 20 carbon atoms, an 
alkenyl group having 3 to 20 carbon atoms, an alkoxy group 
having 1 to 4 carbon atoms , an aryloxy group having 6 to 
10 carbon atoms and a dialkylamino group having 2 to 8 
carbon atoms . \ 
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3 . The non- aqueous; electrolytic solution as claimed in 



claim 1, wherein at VLeast one of R 1 to R 5 in the formula 
(1) represents an alkvl group having 1 to 20 carbon atoms 
with the proviso that A when R 1 to R 5 are a hydrogen atom 
or an alkyl group, at vLeast one of R 1 to R 5 is an alkyl 
group having 2 or more carbon atoms and sum of the carbon 
atoms of R 1 to R 5 is 3 or Wore. 

4 . The non-aqueous electrolytic solution as claimed in 
claim 1, wherein, when R 1 \ to R 5 in the formula (1) are a 
hydrogen atom or an alkyl ^roup, at least one of R 1 to R 5 
is an alkyl group having 3 d 4 r more carbon atoms . 

5 . The non-aqueous electrolytic solution as claimed in 
claim 1, wherein, when R 1 toy R 5 in the formula (1) are a 
hydrogen atom or an alkyl gro\ip , sum of the carbon atoms 
of R 1 to R 5 is 4 or more . 

6 . The non-aqueous electrolytic solution as claimed in 
claim 1, wherein, when R 1 to R 5 Yin the formula (1) are a 
hydrogen atom or an alkyl group , \ sum of the carbon atoms 
of R 1 to R 5 is 60 or less , 

7 . The non-aqueous electrolytic solution as claimed in 
claim 1, wherein R 1 and R 5 in the\ formula (1) are the 
aforesaid substituents . 

8 . The non-aqueous electrolytic solution as claimed in 
claim 7, wherein R 3 is also the aforesaid substituent . 

i^>n 



9 . The non-aqueous electrolytic solutic 



as claimed in 
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claim 1 , wherein 
member selected 



propY-Lpyj- idling , 



tid pyridine compound is at least one 
from the group consisting of 2- 
3 -jpropy lpyr idine , 4 -propylpyridine , 2 - 



isopropylpyridine , ^-isopropylpyridine , 3 -bu tylpyr idine , 
4-butylpyridine , 4 -\Lsobu tylpyr idine , 2 -methyl -5 -butyl - 
pyridine , 2 -tert-bu tylpyr idine , 4-tert-butylpyridine , 2,6- 
di-tert-butylpyridine, \ 2 , 6-di-tert-butyl-4-methylpyridine , 
2,4, 6-tri-tert-butylpyrJLdine , 2-tert-butyl-6-methyl- 
pyridine , 2-tert-butyl-U-methylpyridine , 4-tert-butyl-2- 
methylpyridine , 2-tert-butyl-6-isopropylpyridine, 4- (5- 
nonyl) pyridine , 2-pentylpjrridine , 2- ( 3 -pen tyl) pyridine , 4- 
( 3-pentyl ) pyridine , 2 -hexmpyridine , 4 -oc tylpyr idine , 2 - 
undecy lpyr idine , 2 - ( 1 -bu tyl$>en ty 1 ) pyridine , 4 - ( 1 -propeny 1 - 
butenyl) pyridine , 4- (1-buteViylpentenyl) pyridine , 2 , 6-di- 
tert-butyl-4- (dime thy lamino) pyridine , 2- (3-thienyl) - 

pyridine, 2 -cyan opyr idine , 2-tfluoropyridine , pentafluoro- 
pyr idine , 2 -dime thylaminopyr idine , 2 -me thoxypyr idine , 2 - 
pyridinecarboxylic acid ethyl epter, 2 -benzoy lpyr idine , 2- 
ace tylpyr idine , 2- ( cyariome thy I) pyridine , 4- (3 -phenyl - 
propyl ) pyridine , 2-pyridylacetiA acid methyl ester, 3- 
(pyrrol -1-ylme thy 1) pyridine , 4-\(l-pyrrolidinyl) pyridine , 
4-piperidinopyridine , 2,4, 6-trijihenylpyridine , 2- (1H- 
pyrrol-l-yl) pyridine , 2-methoxyd^thylpyridine , 4- (2- 

diethylaminoethyl) pyridine , 2-phenox^pyridine , 3-pyridyl- 
isothiocyanate , N,N-dimethylnicotin^mide , 5- (pyrid-4- 
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yl) oxazole, 3-trif luoromethylpyridine , 1- (3-pyridyl) - 
pyrrolidine -2 ,5-diond, 4- (lH-pyrrol-l-ylmethyl) pyridine, 
3- (4 , 5-dihydxooxazol-b-yl} pyridine, 4- (1,3, 4) oxadiazol-2- 
ylpyridine , 3-nitropyfcidine , 2 , 6-di (1-piperidinyl) pyridine , 
3- (l-methylpyrrol-2-y3A) pyridine , 3-methoxypyridine , 4- (4- 
pyridyl) -1 , 2 , 3-thiadiaiole , 2- (3-pyridyl) -1 , 3 , 4-oxadiazole, 
2 , 6-dimorpholinopyridine and 2- (l-pyrrolin-2-yl) pyridine . 
10. The non-aqueous electrolytic solution as claimed in 
claim 1 , wherein said pyridine compound is a pyridine 
compound having a bonding^ energy of 16 kcal/mol or more 
with hydrofluoric acid ^determined according to the 
following calculation method: 
(method for calculating bonding energy) 

A bonding energy between \the pyridine compound and 
hydrofluoric acid is calculated according to ab initio 
method (program : Gaussian 94; base set: 3-21G) ; and the 
term "bonding energy" as used herein means a value 
obtained by summing the energy \ values of the pyridine 
compound and hydrofluoric acid ^determined by geometry 
optimization of each of them, and subtracting from the sum 
the energy value determined by geometry optimization of an 
adduct of the pyridine compound ana hydrofluoric acid 
connecting to each other through nitrogen atom of the 
pyridine compound and hydrogen atom of hVdrofluoric acid, 
that is , \ 



- 56 - 



(Bonding energy) = 



(Energy value of the pyridine compound) 



+ (Energy value o : hydrofluoric acid) - (Energy value of 
the adduct between the pyridine compound and hydrofluoric 
acid) . 

11 . The non-aqueous electrolytic solution as claimed in 
claim 1 , wherein said pyridine compound is contained in an 
amount of 0.001% by Weight based on the sum of the organic 
solvent and the lithinim salt to saturation. 

12 . The non-aqueous \electrolytic solution as claimed in 
claim 1 , wherein skid lithium salt is a compound 
containing a fluorine atom or fluorine atoms . 

13. A secondary battery, which comprises the non-aqueous 
electrolytic solution claimed in claim 1 , a positive 
electrode and a negative electrode . 

14. The secondary batter^A as claimed in claim 13, wherein 
said positive electrode comprises an active material for a 
positive electrode, said alptive material for a positive 
electrode being a lithium transition metal oxide . 

15 . The secondary battery as\ claimed in claim 14 , wherein 
said lithium transition meta^ oxide is lithium manganese 
oxide or lithium cobalt oxide. 

16. The secondary battery as claimed in claim 15, wherein 
said lithium manganese oxide y.s spinel type lithium 
manganese oxide . 

17. The secondary battery as claimed in claim 15, wherein 
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said lithium manginese oxide is lithium manganese oxide 
wherein part of manganese sites are occupied by other 

18 . The secondary battery as claimed in claim 17 , 
wherein said other element occupying the manganese sites 
is at least one meltal element selected from the group 
consisting of Al , Til, V, Cr, Fe, Co, Li, Ni , Cu, Zn, Mg, 
6a and Zr. \ 

19. The secondary battery as claimed in claim 13, wherein 
said negative electrode comprises an active material for a 
negative electrode, said active material for a negative 
electrode being a carbonaceous substance . 

20. The secondary batteVy as claimed in claim 19, wherein 
said carbonaceous substance is graphite having a d value 
of lattice plane (002 plane) in X ray diffraction of 0.335 
to 0.340 nm. \ 
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